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Background/Aims: Patients infected with the hepatitis 
C virus (HCV) often have liver steatosis, suggesting 
the possibility of a viral cytopathic effect. The aim of 
this study was to correlate the occurrence and severity 
of liver steatosis with HCV RNA type, level and se- 
quence of the core-encoding region. 
Methods: We scored the liver steatosis in 101 HCV- 
infected individuals carefully selected to exclude other 
risk factors of a fatty liver. Results were compared 
with HCV RNA genotype and level in serum and liver. 
In selected patients, we assessed the effect of antiviral 
therapy on steatosis and the relationship between nu- 
cleocapsid sequence heterogeneity and fat infiltration. 
Results: Steatosis was found in 41 (40.6%) patients, 
irrespective of sex, age or route of infection. HCV 
genotype 3 was associated with higher steatosis scores 
than other genotypes. A significant correlation be- 
tween steatosis score and titer of intrahepatic HCV 

T HE HEPATITIS C virus (HCV) is a common human 
pathogen, its persistent infection being mostly as- 

sociated with chronic hepatitis and leading to cirrhosis 
in about 20% of patients over a 20-year follow-up (1). 
A peculiar histopathological feature associated with 
chronic hepatitis C is steatosis of the liver (2-6). The 
proportion of patients infected with HCV who have a 
fatty liver may be as high as 50%. The causes underly- 
ing the fat accumulation in chronic hepatitis C patients 
may encompass obesity, drugs, alcohol, diabetes and 
concomitant infections. However, even when all of 
these causes are carefully excluded, a significant pro- 
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RNA was found in patients infected with genotype 3, 
but not in those infected with genotype 1. In selected 
patients, response to alpha-interferon was associated 
with the disappearance of steatosis. Analysis of the 
nucleocapsid of 14 HCV isolates failed to identify a 
sequence specifically associated with the development 
of steatosis. 
Conclusions: We provide virological and clinical evi- 
dence that the steatosis of the liver is the morpholog- 
ical expression of a viral cytopathic effect in patients 
infected with HCV genotype 3. At variance with pub- 
lished evidence from experimental models, the HCV 
nucleocapsid protein does not seem to fully explain 
the lipid accumulation in these patients. 

Key words: Liver steatosis; Sequence heterogeneity; 
Viral cytopathic effect; Viral pathogenesis. 

portion of patients persistently infected with HCV may 
still have a fatty liver (7,8). This feature is so frequent 
among chronic hepatitis C patients as compared to pa- 
tients with other types of chronic hepatitis that it is 
considered of diagnostic significance (7). 

These observations suggest that the lipid accumu- 
lation in hepatocytes may be due to a direct cytopathic 
effect of HCV (6,8). However, there are no studies that 
have analyzed the correlation between the level of 
HCV replication and the degree of fat accumulation. 
A single in situ hybridization-based study showed the 
occasional presence of HCV RNA in steatotic hepato- 
cytes, but this association was not studied in detail (9). 
Another study suggested a link between the liver ste- 
atosis and HCV genotype 3 (6), but risk factors known 
to cause fatty liver, other than HCV. were not carefully 
excluded. Experiments conducted in vitro (10) and in 
transgenic mice (11) have suggested that the nucleo- 
capsid protein of HCV may be involved in the patho- 
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genesis of the lipid accumulation, but these data have 
not been confirmed as yet in the human infection. 

We recently reported an assay to titer both strands 
of HCV RNA (i.e. the genomic RNA and the putative 
replication intermediate or minus-strand RNA) in liver 
tissue (12,13). Thus, we analyzed the relationship be- 
tween the HCV level of replication (in both serum and 
liver) and the severity of steatosis in a population of 
hepatitis C patients without other risk factors for a 
fatty liver. To further investigate whether HCV may 
directly be involved in the lipid accumulation, we 
studied its association with the viral genotype, the re- 
sponse to antiviral treatment, and with the liver-de- 
rived, HCV nucleocapsid aminoacid sequence of some 
selected, representative viral isolates. 

Materials and Methods 
Patient populations 
A total of 101 patients were studied. A first group consisted of 70 
immunocompetent patients with persistent HCV infection, as docu- 
mented by the presence of HCV RNA in serum detected by a 2nd 
generation qualitative RT-PCR assay (AmplicorTM, Roche, Switzer- 
land; sensitivity limit 100 copies/ml) for at least 6 months, and histo- 
logically-proven chronic hepatitis. There were 38 males and 32 fe- 
males. The median age was 44.1 years (range 19-67). All patients 
lacked factors likely to be associated with the development of a fatty 
liver, i.e. chronic alcohol consumption, body mass index (weight Fg] 
divided by height’ [m’]) greater than 26, elevated serum level of chol- 
esterol or triglycerides, diabetes or the administration of potentially 
hepatotoxic drugs (8,14,15). Twenty-one patients received a course of 
treatment with a-interferon (a-IFN). Among the nine with an initial 
virological response (i.e. undetectable serum HCV RNA after 3 
months of therapy), three maintained the response for at least 1 year 
after the end of treatment and were considered as sustained re- 
sponders. 

A second group consisted of 31 patients with end-stage HCV-re- 
lated cirrhosis who underwent an orthotopic liver transplant (OLT). 
There were 23 males and eight females. Their mean age at OLT was 
51 years (range 3664 years). Like the above immunocompetent pa- 
tients, transplanted patients had no risk factors for liver fatty infil- 
tration at the time they received the liver graft or thereafter. After 
OLT, they were followed for a median of 31 months (range 2-116 
months). All patients received a standard triple immunosuppression, 
consisting of pmdnisone 100 mg on the first day post-OLT, tapered 
to 20 mg daily on day 10 and maintained for 6-12 months, azathio- 
prine l-2.5 mg/kg daily for 612 months, and cyclosporine A 5-10 
mg/kg per OS daily. A total of 20 patients who underwent an OLT for 
a HCV- and hepatitis B virus-negative liver disease served as controls. 
The latter patients were followed for a median of 66 months (range 
23-121 months) after OLT and received an immunosuppression regi- 
men comparable to that of HCV-positive patients. Indications for 
OLT were primary biliary cirrhosis (10 cases), non-viral fuhninant 
liver failure (3 cases), alcoholic cirrhosis (2 cases), type I familial 
amyloidosis (Portuguese variant) (2 cases), and diffuse nodular hyper- 
plasia, Byler’s disease, Wilson’s disease (1 case each). 

All patients gave written informed consent to the study. All clinical 
trials considered in the present study were approved by our Insti- 
tutional Review Board. 

Liver histology 
A liver biopsy was obtained from all patients. OLT patients under- 
went a liver biopsy at every clinically significant ALT elevation, or 
once a year if ALT was normal. 

Liver specimens were formalin-fixed and paraffin-embedded for 
histological evaluation. Histological diagnoses were established ac- 

cording to internationally accepted criteria (16). H&E-stained sec- 
tions were evaluated according to a scoring system which includes the 
semi-quantitative assessment of liver disease grading and staging (16). 
Macrovesicular steatosis was graded as absent or minimal (less than 
1% of hepatocytes) (score 0), mild (<30% hepatocytes involved) 
(score 1), moderate (between 30 and 60% of hepatocytes involved) 
(score 2) or severe (>60% of hepatocytes involved) (score 3) (17). The 
presence of microvesicular steatosis and lipogranulomata was also re- 
corded. Perl’s stained slides were evaluated for the presence and extent 
of iron deposits by a semi-quantitative score, the histochemical he- 
patic iron index (HHII) (18). A correction factor was applied to the 
HHII whenever required by a heterogenous iron lobular distribution 
(19). 

Semi-quantitative RT-PCR for genomic- and minus-strand HCV 
RNA 
A specimen adjacent to the one being processed for routine histologi- 
cal studies was obtained in all 70 immunocompetent patients and 
from 69 liver biopsies taken from the 3 1 HCV-positive OLT patients, 
snap-frozen in liquid nitrogen and stored at -80°C. Total liver RNA 
was extracted by the acid guanidinium thiocyanate-phenol-chloro- 
form procedure (20). A strand-specific RTPCR assay was used to 
assess the presence and relative titers of either HCV RNA strand 
(12,13). Semi-quantitation was achieved by performing a nested RT- 
PCR to the endpoint on 2- to 4-fold dilutions (in 10 &ml of Escher- 
ichia coli tRNA [Sigma]) of an initial amount of 100 ng of total liver 
RNA. Titers were expressed as the last dilution giving a visible band 
of the appropriate size on a 1.6% agarose gel stained by ethidium 
bromide. Intrahepatic genomic- and minus-strand HCV RNA titers 
were normalized to an arbitrary,&actin mRNA titer of 1024, as meas- 
ured on the same specimen (21). The strand-specificity, sensitivity and 
reproducibility of the RTPCR detection of liver HCV RNA have 
been reported before (12). In particular, this assay was shown to de- 
tect as few as 15 copies of each HCV RNA strand per assay, in a 
genotype-independent way (13). 

Serum assays 
Serum samples were collected at the time of the liver biopsy and 
stored at -80°C until use. Assays included detection of HCV RNA 
by qualitative RT-PCR (AmplicorTM, Roche, Switzerland) or by a 
quantitative signal amplification-based, branched DNA assay 
(bDNA) (QuantiplexTM version 2, Chiron Corp., Emeryville, CA, 
USA). HCV RNA genotyping was performed by restriction fragment 
length polymorphism of sequences amplified in the 5’ non-coding 
region (22). The hepatitis G virus (HGV) RNA was extracted from 
25 ~1 of serum and assayed by a modified RTPCR procedure (23,24). 

Sequence analysis of HCV RNA 
Total liver RNA from selected cases was reverse transcribed using 
random hexamers and AMV reverse transcriptase (eromega Biotech, 
Madison, WI, USA). The cDNA was then amplified by two 35-cycle 
rounds of PCR using 1.25 U Pfu polymerase (Promega) and primers 
specific for genotype lb and 3a, encompassing the entire HCV nucleo- 
capsid-encoding region (base positions -24 through 597 [genotype 
lb] or 602 [genotype 3a]). The primers used in both PCR amplifi- 
cations have the following sequence: primer S’UTRS (sense primer 
for both genotype lb and 3a) 5’-GGG AGG TCT CGT AGA CCG 
TG-3’; primer 1bElAS (antisense primer specific for genotype lb); 
5’-CCC GGA CGC G’M GCG CAC TT-3’; and primer 3aElAS 
(antisense primer specific for genotype 3a) 5’-TAG AGG CCG GAC 
GTG TIC CG-3’. Annealing temperatures were 60°C and 52°C for 
the first and second amplification, respectively. PCR products were 
purified on 2% low-melting agarose electrophoresis gel with the Wiz- 
ard DNA PCR Preps purification system (Promega) and directly se- 
quenced using standard protocols for the ABI 377 automated se- 
quencer. Primers used for the sequencing reactions (both directions) 
were the same as used for the two PCR amplifications. Sequences 
were analyzed by multiple sequence alignment with hierarchical clus- 
tering (25). 

107 



L. Rubbia-Brandt et ul. 

TABLE 1 

Characteristics of 70 chronic hepatitis C patients with or without ste- 
atosis of the liver 

With Without P 
steatosis steatosis 
(n=28) (n=42) 

Sex (male/female) 15/13 23119 NS 

Age 44.1k10.5 42.5+10.7 NS 

Probable source of infection: 

Sporadic 13 19 NS 

Post-transfusion 4 7 NS 

IVDA 7 15 NS 

Other 4 1 NS 

HCV genotype: 
1 5 24 0.003 

2 3 4 NS 

3 16 8 0.002 

4 3 3 NS 

Mixed 0 1 NS 

Not assigned 1 2 NS 

Liver siderosis 9 6 NS 

HGV RNA-positive (serum) 2/l 8 2122 NS 

IVDA, intravenous drug addicts; NS, not significant. 

Statistical analysis 
Whenever a serum HCV RNA level was below the sensitivity of 
bDNA assay, a value of 200 000 genomes/ml was arbitrarily used for 
calculations. All HCV RNA titers (both in serum and in liver) were 
Log,,-transformed before statistical analysis. Differences were evalu- 
ated by the Mann-Whitney’s U-test. The coefficients of correlation 
among non-parametric variables were evaluated by the Spearman’s 
rank correlation test. Tables of contingency were evaluated by the xz 
method or Fisher’s exact test, when appropriate. 

Results 
Immunocompetent chronic hepatitis C patients: 
virological correlations 
Among the 70 immunocompetent chronic hepatitis C 
patients, 28 (40%) had liver steatosis with scores of 1 
(18 cases), 2 (4 cases) or 3 (6 cases). Patients with or 
without steatosis had similar male to female ratio, 
mean age and route of infection (Table 1). HGV RNA 
was tested in 40 patients and found in the serum of 
2118 patients with steatosis and of 2122 patients with- 
out steatosis (p=O.75) (Table 1). Steatotic patients were 
less likely than non-steatotic patients to be infected 
with HCV genotype 1 (5 vs. 24; p=O.O03) but more 
likely to be infected with HCV genotype 3 (16 vs. 8; 
p=O.O02) (Table 1). The other genotypes were equally 
distributed among the two groups of patients. 

Patients with HCV genotype 3 had higher average 
scores of steatosis (1.332 1.2) than patients with geno- 
type 1 (0.17220.384; p<O.OOlj (Fig. 1). The difference 
between genotype 3 and genotype 2 (0.43kO.53) or 4 
(0.550.55) did not reach statistical significance (P= 
0.06 and 0.11, respectively) (Fig. 1). 

The steatosis score did not correlate with the serum 

IO8 

HCV RNA level (r=O.24; NS). However, a significant 
correlation was found between the steatosis score and 
the intrahepatic HCV RNA titer, both genomic-strand 
(r=0.26; p=O.O4) (Table 2a) and the minus-strand (r= 
0.36, p=O.O06) (Table 2aj. The statistical significance 
of the correlation with the titer of minus-strand (but 
not of the genomic-strand) further increased when only 
patients infected with HCV genotype 3 (r=0.64; p= 

0.004) were considered, but decreased when only pa- 
tients with HCV genotype 1 were analyzed (r=0.32; p= 

NS) (Table 2a). 

Immunocompetent chronic hepatitis C patients. 
histological correlations 
In all patients with steatosis of the liver, the fat ac- 
cumulation was macrovesicular. Microvesicular ste- 
atosis was detected in 18/28 patients, but never in- 
volved more than 30% of steatotic hepatocytes. Lipo- 
granulomata were seen in four cases. We could not es- 
tablish a relationship between the prevalence of the lat- 
ter two histological features and either HCV genotype 
or replication level (data not shown). 

The degree of steatosis was correlated with the 
scores of lobular (r=0.62; p=O.OOl) and portal/peri- 
portal necroinflammation (r=0.65; p=O.O004) as well 
as with the fibrosis score (r=O.52; p=O.O2). 

Liver siderosis was found more often among patients 
with steatosis than among those without (9 I’S. 6) but 
the difference was not significant @=0.13). A total of 
19 patients with liver steatosis (67.8%) had no liver sid- 
erosis. 
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Severity of liver steatosis 
vs. HCV genotype 
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Fig. 1. Steatosis scores of 70 immunocompetent, chronic 
hepatitis C patients divided uccording to the HCV geno- 
type. Horizontal lines denote average scores. 
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TABLE 2 

Correlation between the liver steatosis score and the level of HCV replication in serum and liver of 70 immunocompetent chronic hepatitis C 
patients (a) and of 31 HCV-positive OLT recipients (b) 

Serum Intrahepatic Intrahepatic 
HCV RNA level (+) HCV RNA titer (-) HCV RNA titer 

r P r P r P 

a) All immunocompetent patients 0.24 NS 0.26 0.04 0.36 0.006 
Steatotic patients 0.24 NS 0.34 NS 0.49 0.01 
Patients with genotype 1 0.45 NS 0.27 NS 0.32 NS 
Patients with genotype 3 0.48 NS 0.37 NS 0.64 0.004 

b) All HCV-positive OLT recipients -0.02 NS 0.263 NS 0.061 NS 
Steatotic patients 0.28 NS 0.492 0.005 0.111 NS 
Patients with genotype 1 -0.06 NS 0.13 NS 0.11 NS 
Patients with genotype 3 0.49 NS 0.514 0.03 0.49 0.04 

Immunocompetent chronic hepatitis C patients: 
response to a-IFN 
Twenty-one patients underwent a-IFN treatment. The 
presence of steatosis before therapy did not predict the 
following pattern of response (responders vs. non-re- 
sponders: p=O.8; Fisher’s exact test). However, all three 
sustained responders had moderate (1 case) to severe 
(2 cases) steatosis before treatment, were all infected 
by HCV genotype 3, and had a BMI of 20, 20 and 25. 
Treatment (total: 468 MU a-IFN) did not result in a 
significant weight loss, but the control liver biopsy per- 
formed 1 year after the end of treatment in two of them 
showed the absence of necroinflammation and the 
complete disappearance of the steatosis. The third pa- 
tient refused a control liver biopsy: before treatment 
she had severe steatosis, and after the discontinuation 
of therapy her liver enzymes have been tested monthly 
for 1 year and found persistently normal. 

Patients having undergone an OLTfor HCV-related 
cirrhosis: virological correlations 
All the 31 patients who underwent an OLT for HCV- 
related cirrhosis had recurrent HCV infection after 
OLT, as defined by the presence of detectable HCV 
RNA in serum. Similarly, in all patients both HCV 
RNA strands (i.e. the genomic strand and the repli- 

TABLE 3 

Highest scores of liver steatosis after liver transplantation in 31 pa- 
tients with HCV infection and 20 HCV-negative controls* 

Score of HCV HCV HCV HCV- 
steatosis genotype 1 genotype 2 genotype 3 negative 

0 15 2 1 16 
1 8 1 0 4 
2 0 0 1 0 
3 0 0 3 0 

*Statistical significance: overall, x*=41.336, p<O.OOl; only HCV-posi- 
tive, x2=24.021, p<O.OOl; HCV-1 vs. HCV-3, x2=21.609, pCO.001. 

cation intermediate minus-strand) were detectable in 
the liver, signaling graft infection by HCV 

Steatosis of the liver graft was observed in 13 pa- 
tients (41.9%), with scores ranging from mild (9 cases) 
to moderate (1 case) to severe (3 cases). When we com- 
pared the steatosis scores with the HCV genotype, we 
found a correlation with the presence of genotype 3 
(all HCV-positive patients: x2=24.021, p<O.OOl; geno- 
type 1 vs. 3: x2=21.609; p<O.OOl) (Table 3). Among 
the 20 controls who underwent an OLT for HCV-nega- 
tive liver disease, steatosis of the graft occurred in four 
cases (20%) and was invariably of mild degree (score 
1): this difference was statistically significant with re- 
spect to HCV-infected patients k2=41.336; p<O.OOl) 
(Table 3). 

Five patients, among the 28 tested, were HGV 
RNA-positive after OLT. The presence of HGV infec- 
tion did not correlate with the occurrence of a fatty 
liver. 

Among OLT recipients, the steatosis score did not 
correlate with the serum HCV RNA level (r=-0.022; 
NS) or the intrahepatic genomic- (r=0.263; NS) or the 
minus-strand HCV RNA titer (r=0.061; NS), as calcu- 
lated on all the available liver biopsy specimens taken 
from all patients (Table 2b). When only the biopsy 
samples taken from patients who developed steatosis 
after OLT were considered, a significant correlation was 
found between the steatosis score and the titer of the in- 
trahepatic genomic-strand HCV RNA (r=0.492, p= 
0.005), but not with the viremia (r=0.283; NS) or the in- 
trahepatic minus-strand HCV RNA titer (r=O. 111; NS) 
(Table 2b). However, when we considered only the 18 
liver biopsies from patients with genotype 3, the corre- 
lation was significant for both strands of HCV RNA 
(genomic-strand: r=0.514, p=O.O3; minus-strand: r= 
0.49, p=O.O4) (Table 2b). The same did not apply when 
we considered the 43 liver biopsies from the 23 patients 
infected with HCV genotype 1 (Table 2b). 

109 



L. Rubbiu-Brandt et al. 

Fig. 2. Time-course of the liver score of steatosis and the 
HCV RNA replication level in serum (as Loglo genome- 
equivalentslml) and liver (as Loglo of intrahepatic titer of 
minus-strand HCV RNA) in a patient who underwent OLT 
for end-stage HCV-related cirrhosis and received a ribavir- 
inla-IFN sequential treatment for recurrent hepatitis C 
after OLT. Panels a-f show the liver histology correspond- 
ing to the liver biopsies performed at the time-points indi- 
cated by the arrows in panel g. Other abbreviations.. pd, per 
day; tiw, three times a week; und, undetectable. 
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Patients having undergone an OLTfor HCV-related 
cirrhosis: histological correlations 
The steatosis occurring after OLT was invariably mac- 
rovesicular. Areas of microvesicular steatosis were seen 
in four patients: the area involved less than 30% of ste- 
atotic hepatocytes in three, and about 50”/0 in one of 
them. Lipogranulomata were seen in two cases. These 
features were not correlated with the virological par- 
ameters. 

The degree of steatosis was not correlated with the 
scores of lobular (r=0.34; NS), portal/periportal (r= 
0.011; NS) necroinflammation or of the fibrosis (r= 
-0.09; NS). Only four patients developed mild iron 
accumulation in the liver after OLT: two had also fatty 
accumulation, and two did not. 

A recurrent hepatitis in the liver graft was observed 
in 23 patients out of 31 (74.2%) after an average fol- 
low-up of 40 months (range 2-l 16 months). The occur- 
rence of steatosis in the graft was associated with the 
development of recurrent hepatitis (p=O.O35; Fisher’s 
exact test). 

Patients having undergone an OLTfor HCV-related 
cirrhosis: response to antiviral treatment 
Fifteen of the patients with recurrent hepatitis after 
OLT were included in a multicenter clinical trial where 
ribavirin, at the daily dose of 1200 mg, p.o., was given 
for 3 months as monotherapy, followed by a combined 
regimen involving ribavirin, at the same dosage, plus 
recombinant ol-IFN (Intron ATM, Essex Schering- 
Plough, Luzern, Switzerland) at the dose of 3 MU, 
t.i.w., s.c., for 12 months (E Negro, E. Giostra, G. 
Mentha, A. Hadengue, unpublished). Fig. 2g shows 
the time-course of the steatosis score and of the HCV 
RNA level (both in serum and liver) in a representative 
patient infected with HCV genotype 3 who received at 
least 3 months of combined treatment. This patient 
had a high score of liver steatosis before OLT (Fig. 2a). 
Fifteen days after OLT, his liver biopsy showed mild 
signs of rejection, but no steatosis (Fig. 2b). The pa- 
tient developed steatosis of the liver graft 2 months 
after OLT (Fig. 2c), accompanied by initial signs of 
recurrent hepatitis. This picture was confirmed 3 
months later (Fig. 2d) and justified the antiviral treat- 
ment. After 3 months of ribavirin monotherapy, both 
viremia and the titer of the intrahepatic minus-strand 
HCV RNA remained unchanged, as did the steatosis 
score (Fig. 2e). By contrast, after 2 months of com- 
bined regimen, the serum transaminases activities 
dropped, together with the serum HCV RNA level and 
the intrahepatic minus-strand HCV RNA titer. The 
liver biopsy showed a dramatic reduction of the liver 
steatosis (Fig. 2f). These results were paralleled in a 

second patient infected with HCV genotype 3 and who 
underwent a similar liver biopsy after 3 months of rx- 
IFN therapy (data not shown). 

Sequence analysis of the nucleocapsid-encoding region 
We selected 14 patients for analyzing the complete nu- 
cleocapsid-encoding region and compared its sequence 
heterogeneity with the severity of steatosis and titer of 
minus-strand HCV RNA in the liver. Among the 10 
patients with genotype 3, seven were immunocom- 
petent chronic hepatitis C patients and three were OLT 
patients at the time of the maximum severity of ste- 
atosis after OLT. The four patients with genotype 1 
were all immunocompetent. The steatosis scores 
ranged from 0 (6 cases) to 1 (1 case) to 3 (7 cases). 
Patients are listed in Table 4 according to the titers of 
intrahepatic minus-strand HCV RNA and together 
with the alignment of the full HCV nucleocapsid 
aminoacid sequences. Sequences from patients with se- 
vere steatosis, infected with HCV genotype 3 and high 
level of intrahepatic HCV RNA did not show any spe- 
cific single aminoacid substitution, as compared with 
sequences obtained from patients with a low degree of 
or no steatosis but comparable titers of intrahepatic 
minus-strand HCV RNA. 

Discussion 
We have shown that the liver steatosis score is signifi- 
cantly higher in chronic hepatitis C patients infected 
with HCV genotype 3 than in case of infection with 
other viral genotypes, and that the highest levels of 
correlation between steatosis score and intrahepatic 
HCV RNA titer are reached when only patients in- 
fected with HCV genotype 3 (but not patients with 
genotype 1) are considered. Similarly, the occurrence 
of severe steatosis of the liver after OLT is associated 
with infection with HCV genotype 3 (but not with 
other genotypes), and the degree of fatty infiltration 
occurring after OLT again correlates with the titer of 
intrahepatic HCV RNA. but this, once more, only 
among patients with genotype 3 (and not in those with 
genotype 1). In the OLT patients group, the titer of 
both HCV RNA strands correlates with the steatosis 
score, while among immunocompetent patients only 
the minus-strand HCV RNA does. However, this dis- 
crepancy may be artefactual and due to random fluc- 
tuations of the genomic- vs. minus-strand ratio, as re- 
ported in vitro (26). 

The association between HCV genotype 3 and ste- 
atosis was suggested previously (6). However, in that 
study, possible confounding factors which may have 
potentially accounted for the liver fat accumulation 
were not thoroughly excluded and no virological data 

112 



other than the genotype were provided. In another re- 
cent study (27), the occurrence of steatosis early after 
OLT was shown to be a specific hallmark of HCV rein- 
fection, but no correlation was reported with HCV 
genotype and serum and/or liver viral load (27). Thus, 
our data provide the first direct evidence of a corre- 
lation between the level of intrahepatic HCV RNA and 
severity of the steatosis. Although we selected patients 
with BMI up to 26, thus including some with mild 
overweight, we still think that the liver steatosis seen in 
the present cases is mostly due to HCV. This assump- 
tion is not only a consequence of the virological corre- 
lations detailed above, but also of the fact that, should 
we consider the steatosis of our patients a mere reflec- 
tion of their body mass, we would come to the para- 
doxical conclusion that the intrahepatic HCV RNA tit- 
er may increase according to the patient's weight. 

We then examined the expression of liver steatosis in 
some patients treated with a-IFN and found that the 
virological response to treatment was paralleled by the 
disappearance of steatosis. Although these obser- 
vations are anecdotal, they seem well documented and 
convincing, especially in the OLT setting. 

Thus, if we put together all the above data, the ste- 
atosis of patients infected with HCV genotype 3 seems 
to be directly linked to the level of intrahepatic HCV 
RNA, and may thus represent the morphological ex- 
pression of a cytopathic effect of HCV. As a result, 
specific HCV genome sequences, clustering in HCV 
genotype 3, should be responsible for the fat accumu- 
lation. 

What is the HCV product responsible for the lipid 
accumulation? In the transgenic mouse model, the 
HCV core protein induced a diffuse steatosis of the 
liver (11). However, in that study, the fat accumulation 
was microvesicular, rather than macrovesicular, as in 
our patients. Moreover, the HCV genotype used by 
Moriya et al. (11) was lb, which, according to our data 
and results of other authors (6), does not seem to be 
associated with the liver steatosis, and the level of ex- 
pression of the HCV nucleocapsid protein in the liver 
of the transgenic mice was in general much higher than 
observed in the human infection. Other investigators 
have reported transgenic mice in which the HCV core 
protein expression did not result in a fatty liver (28- 
30). 

An association between the HCV core protein and 
triglyceride-rich cytoplasmic fat droplets has been 
shown in vitro (31). Barba et al. (10) described the col- 
ocalization of the HCV core protein and the apolipo- 
protein AII by a double immunofluorescence staining 
followed by confocal microscopy. Since the HCV core 
protein binds to RNA (32), it was suggested that the 
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liver steatosis may result from interference with the 
regulation of genes involved in lipid metabolism via 

binding to specific mRNA's (10). Alternatively, the 
HCV core protein may bind to proteins involved in the 
intracellular trafficking (11). 

To verify the above experimental observations in the 
human natural infection, we selected a series of pa- 
tients (infected with genotype 1 or 3) with different de- 
grees of steatosis and intrahepatic HCV RNA titers 
and sequenced the HCV nucleocapsid-encoding region 
of the liver-derived HCV RNA. When the different 
aminoacid sequences were aligned, we could not assign 
any of them to the steatotic phenotype. The method 
used allows identification of the major viral variants, 
as the minor ones (i.e. those accounting for less than 
5% of the total viral RNA) are excluded from analysis. 
However, given the extensive fatty infiltration, oc- 
casionally involving more than 70% of hepatocytes, we 
believe it unlikely that poorly represented viral variants 
may be responsible for the steatosis. 

How can we reconcile our data with the reported, 
compelling evidence in favor of a role of the HCV nu- 
cleocapsid protein in the pathogenesis of the steatosis? 
First, we may hypothesize that the viral protein respon- 
sible for the fat accumulation in the human infection 
is not the nucleocapsid, and that the published data 
are valid only in the experimental models. To assess 
this hypothesis, we are now completing the full-genome 
sequence analysis of all of our 14 representative HCV 
isolates considered in the present work. Alternatively, 
the core protein (with particular regard to that encoded 
by HCV genotype 3) may be necessary, but not suf- 
ficient, to bring about the lipid accumulation. The na- 
ture of the cofactor(s) is unknown, but they may en- 
compass either concomitant infections or host-specific 
factors. It is noteworthy that the development of a 
fatty liver in our patients did not seem to be associated 
with coinfection with HGV, as hinted at previously 
(33-35), or to a past history of intravenous drug addic- 
tion, which is the hallmark of the acquisition of 
multiple viral infections. Against the hypothesis of a 
coinfection with an unknown virus to explain the 
pathogenesis of steatosis, stand the experimental data 
obtained in vitro (10) and in the transgenic mouse (11). 
Alternatively, the polymorphism of one or more host 
factors may provide a more intriguing and likely mech- 
anism. Several such factors have been described in 
various experimental models of steatosis and steato- 
hepatitis, and include the tumor necrosis factor (36), 
the peroxisome proliferator-activated receptor alpha 
(37), the fatty acyl-CoA oxidase (38) and the glycerol- 
3-phosphate acyltransferase (39). A liver iron overload 
was suggested to be implicated in the steatogenesis via 
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a lipid peroxidation-mediated impairment of the intra- 
cellular trafficking (40). However, most of our steatotic 
patients had no liver siderosis, in agreement with 
others’ observations (41). 

Finally, the degree of the steatosis correlated with 
the liver disease grading and staging, at least in im- 
munocompetent chronic hepatitis C patients. This cor- 
relation was not found in immunosuppressed OLT re- 
cipients, where the steatosis was not necessarily ac- 
companied by a recurrent hepatitis, as reported by 
others (27). These findings suggest that the fat accumu- 
lation may not be an innocent and fully reversible phe- 
nomenon, but that it may instead lead to the increase 
of the inflammatory infiltrate as well as to the hepato- 
cyte necrosis, as in the case of the non-alcoholic steato- 
hepatitis, and hence to the establishment of a fibrotic 
liver. Since we excluded patients with moderate to se- 
vere increase of BMI, the progression to fibrosis may 
occur independently of significant overweight as a co- 
factor of a fatty liver, in contrast with a recent report 

(42). 
In conclusion, our virological and clinical data show 

that the hepatocyte steatosis seen in chronic hepatitis 
C may be directly caused by HCV, thus representing 
the morphological expression of a cytopathic effect of 
HCV genotype 3. A derangement of the hepatocyte 
lipid metabolism caused by a viral protein is likely, al- 
though host protein(s) may play a role as additional 
cofactors. 
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